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SYNOPSIS 


This review tries to define and describe those features of isopods which, directly or 
indirectly, contribute to the success of this group of animals as versatile generalists on 
whose activities depends the turnover of organic matter in many habitats of the world. 

The most prominent characteristic of isopods as important primary (and secondary) 
consumers in the terrestrial environment is their ability to deal with a wide spectrum 
of foodstuffs by varying their rate of feeding as well as their assimilation efficiency over 
a very large range. This kind of versatility is correlated with (a) an efficient system 
for the uptake and transport of oxygen; (b) the ability to regulate the water content 
of the body by physiological and behavioural means, and to synchronize water flow, 
excretion rates and locomotor activity with the periodic temperature regime of the 
environment; (c) the ability to discharge nitrogen end products with a minimal demand 
on both energy and water; (d) a relatively high rate of growth during the first weeks 
after leaving the brood pouch so as to shorten the time during which they are most 
sensitive to adverse environmental conditions; and (e) low sensitivity to high 
concentrations of certain toxic substances in their food. 


INTRODUCTION 


The fact that representatives of isopods and amphipods, two 
predominantly aquatic groups of crustaceans, play important roles in 
many terrestrial food webs has fascinated ecologists and physiologists 
for a long time. The two physiological functions which are most 
prominent in ensuring the survival of animals migrating from sea to 
land are prevention of water loss and uptake of oxygen from air. In 
consequence the older literature on ecophysiological adaptations of 
terrestrial isopods dealt mainly with aspects of water regulation and of 
respiration (Verhoeff, 1920; Gunn, 1937; Waloff, 1941; Meinertz, 1943; 
Bursell, 1955; and many others; see reviews by Edney, 1957, 1968; 
Cloudsley-Thompson, 1977; Sutton, 1980). However, these are not the 
only functions that are involved in the changeover from life in the sea 
to a terrestrial way of life. Thus in recent years we have learnt a great 
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deal more about adaptations which were grafted, so to speak, on to 
structural and functional traits, the roots of which can be traced to the 
marine heritage of this group of animals. Some of these adaptations have 
been analysed only quite recently and, together with some other aspects 
of the biology of terrestrial isopods that have received increased attention 
in recent years, they will be discussed in the following review. 


VARIABILITY OF MATERIAL AND ENERGY FLUX 


Energy Uptake 


Terrestrial isopods exploit a wide variety of foods. They show a preference 
for certain types of plant material, the preference being expressed by 
more frequent visits if given a choice and by higher rates of ingestion 
(Rushton & Hassall, 1983). Decayed litter is usually preferred to freshly 
fallen or standing dead material, but there are many exceptions. For 
example, of the five species of plant litter tested by Dunger (1958) two 
(Fraxinus excelsior, Alnus glutinosus) were preferred when fresh, two (Carpinus 
betulus, Ulmus caprifolia) after overwintering and one (Acer platanoides) was 
eaten at the same rate irrespective of its state of decay. Beck & Brestowsky 
(1980) found that Oniscus asellus grew better on freshly fallen leaves than 
on overwintered litter of holly, beech, maple and oak. 

An inverse relationship between rate of ingestion and efficiency of 
absorption has been reported by various authors (Hubbell, Sikora & 
Paris, 1965; Dallinger & Wieser, 1977; Rushton & Hassall, 1983). If 
such a relationship proved to be the rule it would suggest a tendency 
to equalization of the rates at which nutrients are absorbed. However, 
this inverse relationship seems to hold well only if one and the same 
type of food passes through the gut at different speeds. For example, 
the standing dead parts of Galium verum are consumed by Armadillidium 
vulgare at a rate of 14.6 mg (dw) g(fw)-!d-! and absorbed with an 
efficiency of 22.3%, whereas the corresponding figures for decayed 
material of the same plant are 54.5mg and 4.8%. On the other hand, 
the standing dead parts of another dicotyledonous plant, Astragalus danicus, 
are absorbed with an even higher efficiency than those of G. verum 
(27.5%) although they are consumed about three times as fast (Rushton 
& Hassall, 1983). One of the most clear cut examples for the inverse 
relationship between rate of ingestion and absorption efficiency is that 
of Porcellio laevis feeding on birch litter loaded with different amounts 
of copper (Dallinger & Wieser, 1977). As shown in Table I the amount 
of organic material absorbed remained fairly constant although the rate 
of ingestion varied almost eight-fold. Equally large differences in rate 
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TABLE I 
Nutritional parameters of Porcellio laevis 
Concentration Rates Absorption 
of copper in (mg(dw) g(fw)~'d-') efficiency 
litter (ppm) ingestion absorption (%) 
20 205 + 29 15 + 2.9 78 ES 
340 83 + 16 26 + 2.9 31.8 + 8 
5200 27 + 6 21 + 3.8 76.7 +7 


Animals were fed on overwintered birch litter soaked in different concentrations of copper sulfate. 
Means and standard deviations based on three replicates are shown. Experimental temperature 
22°C (after Dallinger & Wieser, 1977). 


of ingestion have been reported for A. vulgare feeding on the 
dicotyledonous plant St/ybtum marianum either in the laboratory or in the 
field (Hubbell et al. , 1965). The picture one obtains from these and other 
data is that terrestrial isopods may maintain a certain constancy of 
absorption rate when feeding on one particular type of food under 
different environmental or nutritional conditions, but may also absorb 
different types of food at enormously varying rates. The latter conclusion 
is illustrated by Table II in which the rates of absorption for terrestrial 
isopods feeding on different types of plant material are summarized. 
Data from the literature have been recalculated by assuming that ash- 
free dry weight is 0.84 dry weight, and that one gram of the former has 
an energy content of 22 joules (Allen, Grimshaw, Parkinson & Quarmby, 
1974). All data were extrapolated to 20°C by assuming a Qjo of two. 
Table II allows the conclusion that adult isopods can be maintained on 
food that they absorb at mean rates varying from about 3 to more than 
22 mg (dw) g (fw)~! d-!, equal to 55 and 410 J g~! d-! respectively. 
In nature, by switching from one type of food to another and by varying 
the rate at which digested food is absorbed across the gut these generalists 
may achieve the optimal composition of nutrients and energy for 
maintenance, growth and reproduction from foods of which each single 
one may be deficient in some respect. The effect of different kinds of 
food on growth and mortality of an isopod species has been analysed 
by Merriam (1971), and the ability to select food according to nutritional 
needs has been illustrated by an experiment performed by Dallinger 
(1977): Porcellio scaber of different copper status were given the choice 
between litter of various copper content. Copper-rich animals preferred 
a low-copper diet, copper-deficient animals a medium-copper diet. The 
high-copper diet was neglected by both groups. 

The rate at which digested food passes across the gut wall is bound 
to be of paramount importance for the uptake of critical nutrients. Certain 
nutrients may be less easily liberated than others from the bulk of food 
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TABLE II 
Rates of energy absorption in terrestrial isopods 
Species Rate of absorption Food Reference 
(g(fw)-' d=! 
mg dw Joules 
Porcellio 12.6 233 birch litter, 
scaber decayed Hassall & 
12.9 240 birch litter, Rushton (1982) 
freshly fallen 
P. scaber 15.5 286 poplar litter, Wieser (1965a) 
overwintered 
P. scaber 5.1-17.1 112-376 5 species of Dunger (1958) 
litter 
P. scaber 10-14 185-253 birch litter, 
overwintered Dallinger & 
P. laevis 10-15.5 185-287 birch litter, Wieser (1977) 
overwintered 
Oniscus 3.8 70 larch Debry & 
asellus Lebrun (1979) 
Armadillidium 4.5-22.7 83-419 Silybium Hubbel et 
vulgare marianum al. (1965) 
A. vulgare 3.2 59 Galium verum, 
standing dead 
A. vulgare 12.3 227 Astragalus Honiton ts 


Hassall (1983) 


danicus, 
standing dead 


Data from the literature were converted to ash-free dry weight, assuming the ratio of ash-free dry 
weight/dry weight to be 0.84, and to energy, taking 1 g ash-free dry weight = 22 J (Allen et al., 
1974). Furthermore, all data were extrapolated to 20°C assuming a Q, of two. The values shown 
are either mean values or ranges representing twice standard deviations. In the case of the 
experiments reported by Hubbell et al. (1965) the range of the values represents mean values of 
a series of feeding experiments carried out in the laboratory and in the field. 


as it passes through the gut. Thus at high rates of ingestion and low 
absorption efficiencies some nutrients may leave the isopod’s body in 
just the same state as they entered it with the food. They would only 
become available to the isopod at lower rates of ingestion. Conversely, 
scarce but easily liberated nutrients require a high rate of ingestion for 
a sufficient amount to pass from the food to the tissues. 


Energy Dissipation 


In the long run organisms have to achieve some kind of equilibrium 
between energy input and output. For 73 populations of non-insect 
invertebrates Humphreys (1979) has calculated that of the food energy 
absorbed (A) about 77% is used for maintenance (R), the rest being 
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TABLE III 
Rates of oxygen consumption in terrestrial isopods 
Species Rate of oxygen consumption Source of Reference 
gig he! Jg-'d-' variability 
Porcellio 151-343 72.5-165 95% CL of Newell et al. 
scaber rest and (1974) 
activity 
P. scaber 134-260 64-125 x + sof Wieser & 
routine Oberhauser 
activity (1984) 
P. scaber 83-305 40-146 ®t sof Wieser (1962) 
rest and 
activity 
P. scaber 200 +7 96 x + s(un- Edney & 
defined) Spencer (1955) 
Oniscus 115-684 55-328 X of months Phillipson & 
asellus III to X Watson (1965) 
O. asellus 197 +8 95 x + s(un- Edney & 
defined) Spencer (1955) 
Porcellio 112-213 54-102 x + sof Edney (1964) 
laevis routine 
activity 


Data from the literature were converted to energy consumption on the basis of 1 ml 0, = 20 J. 
Furthermore, all data were extrapolated to 20°C assuming a Q,, of two. ‘*Source of variability 
refers to variability of oxygen consumption in the respirometers as described by the authors. 
CL = confidence limit. 


distributed amongst excreted energy (U) and production (P). Considering 
the range of absorbed energy in terrestrial isopods as that summarized 
in Table II one would expect mean rates of respiratory energy of the 
order of 150 J g(fw)~! d-t! with an approximate range from 75 to 300 J 
g-! d-!. However, the data accumulated in Table III show that 
respiratory rates measured in terrestrial isopods mostly fall far short of 
this expectation. The usual procedure in the determination of oxygen 
consumption is, first, to acclimate the animals to laboratory conditions 
and then to let them settle down in the respirometers until they have 
become quiescent. The resting rate in adult isopods varies between 100 
and 150 pl O2 g~! h-! which corresponds to 50-70 J g- d~!. But even 
active isopods (for example when feeding in the respirometers: Newell, 
Wieser & Pye, 1974) consume only 140-170 J g~!d~!, too little if the 
highest rates of energy uptake by these animals are taken into account. 
In only one paper have much higher rates of oxygen consumption, up 
to 320 J g-! d-'!, been reported in a species of isopod: it is significant 
that in this particular investigation (Phillipson & Watson, 1965) 
specimens of Oniscus asellus were collected in the field and put into 
respirometers without a period of acclimation. 
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The conclusion one may draw from this state of affairs is that the usual 
experimental procedure leads to an underestimation of the cost of 
maintenance of terrestrial isopods. The large range of variability in the 
rates of energy absorption must be matched by an equally large range 
of variability in the rates of energy dissipation. 

We may visualize these macro-decomposers as feeding on a wide 
variety of organic materials, adjusting their rates of energy uptake to 
the consistency and nutritional content of each particular diet, but also 
adjusting the rate of oxygen consumption to the rate of energy uptake. 
This complex series of adjustment may cause ‘‘leads’’ and ‘“‘lags’’, i.e. 
periods during which the animals are either hypo- or hyperphagous (see 
Wieser, 1965a). 


Coprophagy 


One possible consequence of this kind of feeding strategy is that the 
animals revert to coprophagy whenever the rate of passage of food 
through the gut results in a nutritional deficiency. Some time ago 
coprophagy in P. scaber was described by Wieser (1966a) in connection 
with the striking losses of copper by this species whenever it ingests plant 
material at a very fast rate. However, the assumption (Wieser, 1966a) 
that the main function of coprophagy is to counteract the inefficiency 
of copper absorption from natural litter has not been confirmed (White, 
1968; Coughtrey, Martin, Chard & Shales, 1980; Hassall & Rushton, 
1982). For example, in a series of experiments the latter authors have 
shown that whenever nutritionally deficient food is offered isopods 
supplement their diet with an increasing amount of faecal material. The 
authors conclude that the enhanced activity of micro-organisms improves 
the nutrient status of the faeces so that coprophagy appears to be a general 
means of optimizing the animal’s overall nutrient uptake. Furthermore, 
the varying extent ‘‘to which faeces are recycled in response to differences 
in food quality . . . introduce greater flexibility into the feeding strategies 
of these generalist macro-decomposers’’ (Hassall & Rushton, 1982). 


COPPER AND OTHER HEAVY METALS 


The occurrence of extraordinarily high concentrations of copper in the 
hepatopancreas of isopods was reported nearly 25 years ago (Wieser, 
1961) and has since been confirmed many times (Brown, 1977, 1982; 
Hopkin & Martin, 1982). The organelles in which this metal is mainly 
stored were given the name ‘‘cuprosomes’’ (Wieser & Klima, 1969). 
The structure and contents of these vesicles are fairly well understood 
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now (Brown, 1982; Prosi, Storch & Janssen, 1983) in contrast to 
the movements of copper within the organisms (Wieser, 1965b), 
as well as between environment and isopod. Whereas in a number 
of investigations it has been shown that terrestrial isopods are 
unable to maintain copper balance on their natural diet, losing 
some of their body reserves via the faeces (Wieser, 1966a; Dallinger & 
Wieser, 1977; Debry & Lebrun, 1979), other experiments have 
presented evidence that it is entirely possible for isopods to achieve 
copper balance on their natural diet (White, 1968; Coughtrey, Martin, 
Chard et al., 1980; Hassall & Rushton, 1982). The solution to 
this puzzling controversy may lie in the variability and flexibility 
of feeding rates in these animals. In a general discussion of the 
phenomenon (Wieser, 1978) it was pointed out that up to a feeding 
rate of approximately 30mg (dw) g (fw)-! d-! isopods manage 
to extract most of the copper from their food. If the rate of ingestion 
increases beyond 60-80 mg g~! d~-! only a little copper is absorbed, 
and sometimes more copper is lost in the faeces than is gained by the 
food. In this situation coprophagy may indeed improve the recycling 
of copper even if this feeding strategy serves a more general nutritional 
purpose. 

At any rate, the capability of terrestrial isopods to store copper and 
other heavy metals, particularly cadmium, is considerable (Martin, 
Coughtrey & Young, 1976; Brown, 1977; Coughtrey, Martin, Chard 
et al., 1980; Hopkin & Martin, 1982; Prosi et al., 1983). The amount 
of copper stored in the hepatopancreas may constitute up to 3% of this 
organ’s dry weight (Hopkin & Martin, 1982) which is far in excess of 
what the animals need for the synthesis of haemocyanin, tyrosinase and 
other copper proteins. This suggests that the storing capacity is an 
adaptation which arose in a situation in which access to free copper was 
limited (Wieser, 1968). It may be pertinent here to point out that the 
concentration of haemocyanin in the haemolymph of crustaceans is 
independent of body size and mode of life (Wieser, 1965c). In other 
words, the amount of haemocyanin in crustaceans scales with body size 
as is also true for haemoglobin in vertebrates (Bartels, Bartels, Baumann, 
Fons, Jürgens & Wright, 1979). Thus it cannot be the requirement for 
particularly high concentrations of respiratory pigments which is 
responsible for the large stores of copper in the hepatopancreas of 
terrestrial isopods. 

On the other hand, the ability to sequester large amounts of copper 
and of cadmium from their food has facilitated monitoring of the levels 
of heavy metal contamination in the environment (Wieser, Busch & 
Büchel, 1976; Coughtrey, Martin & Young, 1977; Williamson, 1979; 
Hopkin & Martin, 1982). 
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EXCRETION OF NITROGEN 


It is well established by now that terrestrial isopods are ammoniotelic, 
discharging their nitrogenous end product predominantly in the form 
of gaseous ammonia (Dresel & Moyle, 1950; Hartenstein, 1968; Wieser 
& Schweizer, 1970). The pathway of ammonia has been elucidated by 
the recent elegant work of Hoese (1981). Ammonia is excreted by the 
maxillary nephridia in dissolved form into the ventral water duct system 
of the animals, urine being discharged in a burst-like fashion. As the 
urine flows along the duct system it becomes more alkaline, which leads 
to the progressive volatilization of ammonia. This description makes it 
clear that in isopods the excretion of nitrogenous end products is tightly 
linked to their water economy, which is the rule in ureotelic and uricotelic, 
but not usually in ammoniotelic animals. The relationship between 
nitrogen excretion and water economy is reflected by the inverse 
relationship between locomotor activity and the rate of ammonia release 
(Wieser, Schweizer & Hartenstein, 1969; Kirby & Harbaugh, 1974). 
During periods of activity the release of ammonia via the water duct 
system is suppressed, which can be interpreted as a mechanism for 
reducing the danger of water loss. Apart from this diurnal cycle of 
excretion and water loss there is a seasonal one, also involving the activity 
of the enzyme glutaminase, a decisive factor in the catabolic production 
of ammonia from amino acids and proteins (Wieser & Schweizer, 1972). 
The activity of this enzyme as well as the ammonia content of the body 
wall is highest in winter and early spring when the average rate of 
excretion of ammonia is lowest (Wieser, 1972). High glutaminase activity 
may signify high rates of nitrogen turnover and this may be linked to 
the demands of somatic and reproductive growth for which the animals 
prepare at a time when environmental temperatures are still low. 
However, glutaminase activity begins to rise again in late summer and 
autumn, a trend for which no ready explanation is available. 


RESPONSES TO ENVIRONMENTAL CUES 


Chemical Stimuli 


The feeding strategy of terrestrial isopods suggests that they must be 
able to choose between different kinds of food according to their metabolic 
needs and nutritional status. This ability has been illustrated in a striking 
manner by the choice experiment of Dallinger (1977), already alluded 
to. Thus terrestrial isopods may be particularly responsive to chemical 
stimuli from the environment. Such responsiveness would come as no 
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surprise considering the amazing powers of chemical discrimination in 
Hemilepistus so elegantly presented by Linsenmair and co-workers (see 
Linsenmair, 1984, for references). (See also Kuenen & Nooteboom, 1963; 
and Takeda, 1984, with regard to olfactory discrimination in other 
species.) 


Humidity 


An equally important factor determining the movements of isopods 
through their environment is humidity. Most species are quite sensitive 
to desiccation and have to find sufficiently moist shelter in order to 
survive. Even the desert woodlouse, Hemilepistus reaumuri, is not 
particularly well protected against water loss and digs burrows to a depth 
where the water content of the sand is between 6 and 13% (Shachak, 
1980). Water is taken up by cutaneous absorption and by absorption 
from ingested wet sand (Coenen-Stass, 1981). However, a few inhabitants 
of arid climates seem to be better able than Hemilepistus to withstand 
desiccating conditions (Warburg, 1965; Cloudsley-Thompson, 1969). 
The most interesting aspect of the water relations of isopods that has 
come to light in recent years is the observation that the water content 
of the body is maintained by active regulation (Lindqvist, 1968; 
Lindqvist, Salminen & Winston, 1972; Mayes & Holdich, 1976). This 
implies the existence of sensors and effectors as well as forms of behaviour 
to compensate for the fluctuations of water content imposed on the body 
by environmental factors. For example, isopods from a moist atmosphere 
prefer, if given the choice, drier localities than isopods that have been 
maintained in a dry atmosphere. This mechanism of water regulation 
is linked with the control of locomotor activity, more water being lost 
when the animals are at rest than when they are active (Lindqvist, 1968). 
Since this is just the opposite of what would occur if evaporation were 
entirely a physical process it seems likely that a central mechanism 
controls the exchange of water between body and environment. Since 
the rate of ammonia excretion is also linked to the exchange of water 
(see above) the control of the latter emerges as one of the focal points 
of the physiology of isopods. 


Temperature 


Terrestrial isopods do not possess noticeable powers of metabolic 
temperature compensation. The rate of oxygen consumption has been 
found to show some (Edney, 1964; Nash, 1979) or no (Newell et al., 
1974) compensatory adjustment to long-term differences in acclimation 
temperature. This results in the kind of depression of metabolism in 
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winter which is expected on the basis of Krogh’s ‘‘normal curve’’ (see 
Wieser, 1973). However, the maintenance metabolism of isopods does 
not show any signs of being inhibited or blocked during the cold months 
of the year. 

On the other hand, temperature affects the rate of ammonia excretion 
in a much more specific and sometimes striking manner than the rate 
of oxygen consumption. For example, between 20 and 30°C the rate 
of ammonia production does not change in O. asellus but increases from 
three- to five-fold in the more thermophilic Porcellio pictus (Wieser, 1972). 


Photoperiod and Season 


Reproduction (Wieser, 1963a) and sex determination (Becker-Carus, 
1967) of terrestrial isopods are influenced by day length. Moreover, the 
rate of energy metabolism is profoundly affected by season and it may 
be assumed— in agreement with other animal studies —that the decisive 
factor in this relationship is photoperiod. The most noteworthy differences 
in oxygen consumption related to season have been reported by 
Phillipson & Watson (1965) for O. asellus in which species the rate of 
oxygen consumption of adults (measured at 16°C) rose from 
approximately 100 pl g (fw)~! h-~! in autumn and winter to 500-600 yl 
g-!h-! between May and June. Since this increase was of the same 
magnitude in both females and males it does not reflect the cost of growth 
of embryos, but is the general expression of an altered state of metabolism 
during the reproductive phase. It proved possible to induce certain aspects 
of this altered state of metabolism in Porcellio scaber even in winter by 
switching specimens from a short-day (L:D = 7:17) to a long-day 
(L:D = 16:8) light regime (Wieser, 1963b). As Fig. 1 illustrates, during 
the short-day photoperiod oxygen consumption is related to the state 
of nutrition, animals with an empty gut consuming only about 50 to 
70% of the amount of oxygen consumed by better-fed animals. Under 
long-day conditions, however, this difference disappears and all animals 
consume oxygen at the same rate irrespective of the weight of the gut, and 
on a significantly higher level than the short-day animals. It was even 


FIG. 1. The effects of photoperiod and state of nutrition on the rate of oxygen consumption in 
Porcellio scaber. The state of nutrition is expressed by the relative gut weight which was determined 
after the measurement of oxygen consumption in individual animals. Prior to the measurements 
the animals were maintained for several weeks under different light regimes represented by the 
clocks to the right of the diagrams. In the upper panel results are shown with one long-day and 
two short-day groups of isopods. In the lower panel the results of an experiment are presented 
in which the light times of two short-day groups were exchanged: the group which experienced 
light in the morning for several weeks was switched to an afternoon light regime and vice versa. 
The height of each column represents + standard deviation (after Wieser, 1963b). 


TABLE IV 


Summary of all experiments in which ammonia production of Porcellio scaber was determined 


Season T Light conditions 

(months) (°C) ~~ Maintenance/Experiment 
1 HI-IV 20 natural dark 
2 IV-V 20 natural dark 
3 V-VII 20 natural dark 
4 VII-IX 20 natural natural 
5 VII-IX 30 natural natural 
6 VII-IX 20 16L:8D natural 
7 VITI-IX 30 16L:8D natural 


VNH, 
x day 


(nmole g~' h~!) 
x 24h 


410 
786 
714 
121 
300 
n.d, 
n.d. 


Reference 


Wieser, Schweizer et al. (1969) 
Wieser & Schweizer (1970) 
Wieser, Schweizer et al. (1969) 
Wieser (1972) 

Wieser (1972) 


Wieser & Oberhauser (1984) 


Averages were calculated for specimens weighing more than 10 mg fresh weight. n.d. = not determined (after Wieser & Oberhauser, 1984), 
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possible to simulate a long-day effect by switching a population that 
had been kept in a light regime from 0500 to 1200 to a light regime 
from 1000 to 1700 (or vice versa). The isopods seem to experience the 
two short-day periods additively as a long-day period, producing a pattern 
of oxygen consumption which is a slightly truncated version of that of 
the animals kept continuously under long-day conditions (Fig. 1). 

A second effect of light on the metabolism of isopods has recently been 
inferred with respect to ammonia excretion (Wieser & Oberhauser, 
1984). It appears that the daily amount of ammonia released in gaseous 
form depends not only on season but also on experimental conditions. 
From a summary of all the experiments with P. scaber (Table IV) one 
gains the impression that, although in the dark the animals display a 
diurnal rhythm with the maximum occurring during day-time and the 
minimum at night (Wieser, Schweizer et al., 1969), exposure to a long- 
day photoperiod reduces the rate of ammonia excretion to a few percent 
of what the animals produce in the dark. The interplay between 
endogenous and exogenous factors in determining the rate of ammonia 
excretion is complex and cannot be resolved at present. 


GROWTH 


After leaving the brood pouch young isopods grow extremely fast. The 
most striking example in this respect is presented by Hemilepistus reaumuri 
the young of which grow within two months from 10 mg to about 160 mg. 
During this time they remain in the burrows at a temperature of 
approximately 20°C and are fed entirely by their parents (Shachak, 
1980). The average growth rate is 2.85 mg (fw) d~! which converts to 
a remarkable 1.8kJ g-! d-! for the smallest animals weighing 10 mg 
(1mg live weight = 6.3J). Fast growth has also been noted by 
Paris & Pitelka (1962) in A. vulgare and by Phillipson & Watson (1965) in 
O. asellus. Some time ago a growth curve was constructed for Porcellio 
scaber using published information (Wieser, 1965a, 1966b). In this species 
the rate of growth shows a rather distinct break at a body weight of 3 mg, 
the rate of the smallest specimens corresponding to approximately 150 J 
g~! d-t. It is significant that a similar break at about the same body 
weight has been observed for the rate of oxygen consumption (Wieser 
& Oberhauser, 1984), and also for the rate of food assimilation (Wieser, 
1965a). Thus, using three different approaches a nearly weight- 
independent phase of metabolism can be distinguished from a weight- 
dependent one in P. scaber (measured at 20°C), the break occurring at 
a body weight of 3 to 4mg. This is illustrated by Fig. 2 which should 
not, however, be mistaken for an energy budget since the data were 
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FIG. 2. Double logarithmic plot showing the dependence of energy absorption (assimilation), energy 
dissipation (respiration) and energy storage (growth) on body weight in P. scaber. The curves are 
based on data accumulated by different authors at different times and thus do not represent an 
energy budget. Assimilation values are from Wieser (1965a), respiration values are from Wieser 
& Oberhauser (1984), and the growth curve is based on published values as calculated by Wieser 
(1965a, 1966b). All rates of energy turnover are expressed in J g (fw)! d'~. 


derived from different populations by different authors. The animals 
used for the feeding experiments (Wieser, 1965a) were hyperphagous 
in the sense of assimilating much more energy than can be accounted 
for by the energy of respiration and of growth as determined on other 
animals at other times. Still, the break at around 3 mg was quite distinct 
for all three rates determined: energy intake, energy dissipation and 
energy storage, and thus may constitute an important adaptive feature 
of the life history of this—and perhaps other—species of isopods. 


CONCLUSIONS AND SUMMARY 


This review has called attention to the following characteristic features 
of terrestrial isopods: 


(a) 


(b) 
(c) 


(d) 
(e) 
(f) 


(g) 


(h) 


(i) 


G) 


(k) 
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the ability to exploit a wide nutritional spectrum by varying the rates 
of ingestion and absorption of different kinds of food. In this way 
an optimal composition of nutrients and energy is achieved from 
mixtures of food of which each single component may be deficient 
in some respect; 

the ability to use coprophagy in order to improve the nutritional 
value of the primary food; 

the ability to match the variability of the rates of energy absorption 
by an equally large range of variability of the rates of energy 
dissipation; 

the ability to store very large amounts of copper in special 
‘‘cuprosomes’’ in the hepatopancreas; 

the ability to choose between types of food with different copper 
content; 

the ability to excrete nitrogen in the form of gaseous ammonia via 
the ‘‘water duct system’’ which may be visualized as an extension 
of the kidney in this group of animals; 

the occurrence of pronounced diurnal and seasonal fluctuations of 
the rate of ammonia release and of the activity of the enzyme 
glutaminase. In addition these fluctuations are influenced by other 
environmental factors; 

the ability to regulate the water content of the body which includes 
an indirect relationship between locomotor activity on the one hand, 
water loss and nitrogen excretion on the other; 

the absence of temperature compensation of oxygen consumption, 
but the existence of pronounced effects of temperature on the rate 
of nitrogen excretion in some species; 

a stimulating effect of long-day photoperiod — both in nature and in 
the laboratory — on the rate of oxygen consumption, and an inhibiting 
effect of long-day photoperiod on the rate of ammonia release; 
the distinction between a mass-independent phase of metabolism 
and a mass-dependent phase, the break occurring at a body weight 
of 3-4mg in Porcellio scaber. This distinction was observed for the 
rates of oxygen consumption, growth and food absorption, and 
illustrates the fast energy turnover of the youngest specimens of 
P. scaber (and probably other species as well). 


Of these features the excretory system with its ability to discharge 
ammonia rhythmically in gaseous form is the most unusual, followed 
by the enormous storage capacity for copper and the way of handling 
this metal during moulting and in times of shortage. Taken together, 
the features listed characterize terrestrial isopods as a versatile group 
of animals which has successfully adapted traits derived from its marine 
ancestry to life in quite a different sort of environment. 
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